Dairy and fish isolates of Lactococcus garvieae were tested for their ability to utilize lactose and to grow in milk. Fish isolates were unable to assimilate lactose, but unexpectedly, they possessed the ability to grow in milk. Genetic studies, carried out constructing different vectorette libraries, provided evidence that in fish isolates, no genes involved in lactose utilization were present. For L. garvieae dairy isolates, a single system for the catabolism of lactose was found. It consists of a lactose transport and hydrolysis depending on a phosphoenolpyruvate-dependent phosphotransferase system combined with a phospho-␤-galactosidase. The genes involved were highly similar at the nucleotide sequence level to their counterparts in Lactococcus lactis; however, while in many L. lactis strains these genes are plasmid encoded, in L. garvieae they are chromosomally located. Thus, in the species L. garvieae, the phospho-␤-galactosidase gene, detectable in all strains of dairy origin but lacking in fish isolates, can be considered a reliable genetic marker for distinguishing biotypes in the two diverse ecological niches. Moreover, we obtained information regarding the complete nucleotide sequence of the gal operon in L. garvieae, consisting of a galactose permease and the Leloir pathway enzymes. This is one of the first reports concerning the determination of the nucleotide sequences of genes (other than the 16S rDNA gene) in L. garvieae and should be considered a step in a continuous effort to explore the genome of this species, with the aim of determining the real relationship between the presence of L. garvieae in dairy products and food safety.
Lactococcus garvieae is considered an emerging pathogen of increasing clinical significance in the field of fish farming (10, 18) . It has also been isolated from clinical specimens of human blood, urine, and skin (15) , indicating the expanding importance of this bacterium in the field of veterinary and human medicine. Few reports on the pathogenicity of L. garvieae in yellowtails indicate that the virulence can be associated with a cell capsule and some regulatory proteins and metabolism enzymes (20, 22) . However, there is little information about the precise pathogenic mechanism of this bacterium. This is an important aspect, principally after the detection of L. garvieae in many food products. Lactococci are the most common lactic acid bacteria (LAB) genus found in artisanal dairy products (6) , and L. garvieae has been isolated in dairy environments either as a nondominant species (24, 29) or as the prevalent bacterial population (11) . This organism could be involved in producing the typical sensorial traits of cheeses during ripening; moreover, certain nonpathogenic dairy isolates have been shown to possess antistaphylococcal activities (1) .
Few genetic studies on the species have been published until now. They principally refer to taxonomic identification based on specific PCR assay (33) and amplified rRNA gene restriction analysis (21) , and to molecular fingerprinting of fish pathogenic strains (25, 32) . The only data on typing of L. garvieae strains of dairy origin reveal that these isolates are not genetically related to those collected from fish lactococcosis outbreaks (14) . However, the typing schemes proposed are complicated: Sau-PCR, amplified fragment length polymorphism, and randomly amplified polymorphic DNA techniques usually involve time-consuming steps and are of low repeatability in generating banding patterns (19) .
For these reasons, molecular methods based on PCR amplification of genes of taxonomic and/or technological interest could be tested for better characterization of L. garvieae strains of different origin. Unfortunately, for this species, the genomic databases are not of assistance, as nucleotide sequences of genes other than 16S rDNA are rare.
In a previous study (12) , we characterized L. garvieae strains representing a relevant component of the microbial population of two artisanal Italian cheeses, in comparison with fish isolates, with the aim of determining their technological and safety properties. The results obtained showed that, although in a few cases an antimicrobial resistance or a presence of virulence determinants might imply a potential hygienic risk, most of the strains showed positive properties for their possible adjunction in a starter culture preparation. Moreover, it was possible to discriminate the strains according to the ecological niche of origin, based on the ability to produce acid from lactose and to coagulate milk. This presented a challenge to us to further deepen our knowledge on phenotypic and genotypic characteristics of lactose metabolism in L. garvieae.
Within LAB, several genes involved in the transport and metabolism of lactose have been characterized (8, 16) . They refer to lactose uptake and hydrolysis via a phosphoenolpyruvate-dependent phosphotransferase system combined with phospho-␤-galactosidase and/or via a lactose permease system in which a ␤-galactosidase catalyzes sugar cleavage. In many cases, the genes involved in lactose metabolism have been found to be linked to genes involved in galactose degradation, codifying for a galactose permease and the enzymes of the Leloir pathway, galactokinase (GalK), galactose-1-phosphate uridyl-transferase (GalT), and UDP-glucose 4-epimerase (GalE) (13, 30) . In this study, by using several degenerate primers and by constructing different vectorette libraries, we detected the presence of genes related to the utilization of lactose and galactose in L. garvieae. The evidence presented suggests that (i) fish isolates are natural lactose-negative mutants, lacking genes involved in lactose utilization; (ii) dairy isolates metabolize lactose through a phosphoenolpyruvatedependent phosphotransferase system combined with a phospho-␤-galactosidase, chromosomally located; (iii) the phospho-␤-galactosidase gene can be used as a valid genetic marker for distinguishing dairy L. garvieae strains from fish isolates; and (iv) the Leloir pathway is the major route for galactose utilization in the species.
MATERIALS AND METHODS
Bacterial strains and culture conditions. The L. garvieae strains used in this study include the type strain DSM 20684 T , nine strains collected from the manufacture of the artisanal protected denomination origin Italian cheese, Toma Piemontese (12) (Tm 1, Tm2, and Tm3 from cow's milk; Tc1, Tc2, and Tc3 from cow's curd; and Tch 1, Tch2, and Tch3 from cow's cheese), and five fish isolates (F1 to F5) collected from 1999 to 2004 from diseased rainbow trout and catfish, kindly provided by Dr. Prearo (Experimental Institute for Zooprophylaxis, Torino, Italy) and by Dr. Amedeo Manfrin (Venetian Experimental Institute for Zooprophylaxis, National Reference Laboratory for Fish Diseases, Legnaro, Italy). L. lactis DSM 20481 T was also used for dot-blot hybridization experiments. All strains, stored frozen in broth cultures supplemented with 15% (wt/vol) glycerol, were maintained in M17 broth (Difco, Becton Dickinson, Sparks, MD) supplemented with 5 g/liter glucose (M17-G) at 37ЊC for 24 h. For growth measurements, the strains were grown in reconstituted (10% [wt/vol]) skim milk (Difco, Becton Dickinson) sterilized for 10 min at 110ЊC. The utilization of lactose was carried out using CHL medium (bioMérieux, Marcy l'Etoile, France) containing bromocresol purple (0.017% [wt/vol]) and the desired filter-sterilized carbohydrate at a final concentration of 1% (wt/vol) (lactose indicator medium).
Growth curves and coculture experiments. Two representative lactose-positive and lactose-negative L. garvieae strains were selected for growth and coculture experiments. Growth curves were evaluated in triplicate in skim milk at 37ЊC. Briefly, after growth in M17-G broth for 16 h, each strain or mixture (lac ϩ -lac Ϫ , 1:1) was inoculated in 100 ml of reconstituted skim milk and incubated for 24 h. The initial population in milk was approximately 10 5 CFU/ml. Total populations in milk cultures were monitored by plate counts at different incubation times. Appropriate dilutions in 0.1% peptone solution were plated on M17-G agar and incubated at 37ЊC for 48 h. Monitoring of the lac ϩ /lac Ϫ ratio during growth of mixed cultures was carried out by randomly selecting 96 colonies from M17-G agar plates obtained for each incubation time tested. All selected colonies were grown in CHL lactose indicator broth in microtiter plates: in this medium cultures producing acid are yellow, in contrast to the violet, non-acidforming mutants. Sterile paraffin oil was added above the inoculated 96-well microplates to enhance lactose fermentation under microaerophilic conditions.
Lactose utilization. Utilization of lactose was estimated by measuring the disappearance of the carbon source from liquid medium. Tested strains were grown at 37ЊC overnight in M17 broth. Cells were collected by centrifugation, washed with 0.9% NaCl solution, and resuspended in CHL medium containing 1% lactose. After 16 h, cells were removed by centrifugation, the supernatants filtered through 0.22-m-pore-size filters (Sartorius, Goettingen, Germany), and the residual lactose in the supernatants was measured quantitatively by high-performance liquid chromatography (HPLC). The HPLC system was self-assembled from a PU-980 pump (Jasco, Cremella, Italy), an index differential refractometer detector (Bio-Rad, Hercules, CA), and an AMINEX HPX-87P column (30 cm with an inside diameter of 7.8 mm; Bio-Rad). Samples were loaded onto the column with a Rheodyne (WertheimMondfeld, Germany) model 7125 syringe-loading sample injector, equipped with a 20-l loop. A 20-l sample was injected with a 50-l Hamilton syringe. Detector attenuation was 6ϫ. Chromatographic separation was undertaken with an isocratic elution mobile phase of acetonitrile-water (75:25 [vol/vol]). Peaks were identified by comparing retention times with a sugar standard of D-lactose monohydrate (BioUltra, Sigma, St. Louis, Mo). The respective peak areas were used for the quantitative analysis. The linearity of the detector response was assessed for a range of lactose concentrations (0.1 to 5 mg/ml).
␤-Galactosidase assay. The assay was carried out as previously reported (26) , resuspending L. garvieae cells in distilled water containing 0.1% Triton X-100 and using o-nitrophenyl-␤-D-galactopyranoside (ONPG; Sigma) as substrate. Alternatively, ␤-galactosidase activity was detected by plating the strains on M17 medium containing 200 g/ml 5-bromo-4-chloro-3-indolyilbeta-D-galactopyranoside (X-Gal; Sigma).
Total and plasmid DNA isolation and manipulation.
Chromosomal DNA was extracted as previously described (11) . Plasmid DNA was extracted and purified following the procedure of O'Sullivan and Klaenhammer (23) . Restriction endonucleases and other enzymes employed for DNA manipulation were purchased from MBI-Fermentas (Vilnius, Lithuania) and used according to the supplier's specifications. For PCR, 100 l of an overnight culture in M17-G broth was added to 300 l of 1ϫ Tris-EDTA buffer (10 mM Tris-HCl and 1 mM Na 2 EDTA, pH 8), and the DNA was extracted as previously described (11) . DNA hybridization. Total and plasmid DNA, digested with different restriction enzymes, were separated in a 1% (wt/vol) agarose gel and then transferred to a nylon membrane (Roche Diagnostics GmbH, Mannheim, Germany) by Southern blotting, according to the manufacturer's directions. For dot-blot hybridization, approximately 1 g of bacterial genomic DNA of each strain was spotted onto the nylon membrane. The DIG DNA Labeling and Detection kit (Roche) was used for digoxigenin labeling of the 1,078-, 520-, and 1,240-bp fragments of the L. lactis ␤-galactosidase, L. garvieae galactose permease, and phospho-␤-galactosidase genes, respectively. Prehybridization and hybridization overnight were performed in 50% (wt/vol) formamide at 42ЊC and stringency washes in 0.1ϫ SSC buffer at 65ЊC (10ϫ SSC buffer contains 1.5 M NaCl and 150 mM sodium citrate). The probe was detected by chemiluminescent detection using CSPD (Roche), and the signals were visualized by exposure to X-ray film for 1 h.
Selection of primers.
Based on conserved regions identified by sequence comparison of the ␤-galactosidase, lactose permease, and phospho-␤-galactosidase genes from L. lactis (GenBank accession nos. U60828 and M19454), Streptococcus pneumoniae (AE008480), Streptococcus agalactiae (AL766850), Streptococcus pyogenes (CP000003), Streptococcus thermophilus (AY460095 and CP000024), Pediococcus pentosaceus (Z32771), Leuconostoc lactis (U47655), Lactobacillus helveticus (AJ512877), Lactobacillus acidophilus (AB004867), and Escherichia coli (J01636), a set of degenerate oligonucleotides were designed and used for PCR amplification of L. garvieae genes. The primers were designed so that most of the nucleotide similarity was at the 3Ј end. All the primers were obtained from PRIMM srl (Milan, Italy).
The vectorette library. To amplify the DNA sequences lying outside the boundaries of the known sequences we constructed two vectorette libraries. A vectorette is a special adapter, a partly double-stranded DNA that has a central mismatched region and sticky ends (27) . In this study we used the oligos V1 and V3 and the primer pV1 (9) , with modification of the ends to create CfoI or HpaII sticky overhang. About 100 ng of bacterial DNA was digested with CfoI or HpaII, and then ligated to 100 ng of vectorette with 6 U of T4 DNA ligase in 20 l for 4 h at 22ЊC. After heating for 10 min at 65ЊC, the DNA was precipitated with ethanol and dissolved in 20 l of CfoI or HpaII buffers. The respective restriction enzyme was added, and then the reaction was incubated for 60 min at 37ЊC and heated for 10 min at 65ЊC. The resulting mixture was a vectorette library. The end of the oligo V3 has a mismatch, as after ligation with the respective fragments of chromosomal DNA, the sequence does not correspond to the normal restriction enzyme site and will be refractory to cleavage. All other multimer forms (having the normal restriction enzyme site) will be destroyed. In this way, all artifacts consecutive to the insertion of other fragments between vectorette and the fragment known could be excluded. For the PCR reactions, 1 l of vectorette library served as a template.
DNA amplification procedure. Each 25-l reaction mixture contained 100 ng of bacterial DNA, 2.5 l of 10ϫ reaction buffer, 200 M deoxynucleoside triphosphate, 2.5 mM MgCl 2 , 0.5 M of each primer, and 0.5 U of Taq polymerase (MBI-Fermentas). All the amplification reactions were performed by using a Gene Amp PCR System 2400 (PerkinElmer, Norwalk, CT). The initial denaturation step at 94ЊC for 2 min was followed by 35 cycles of denaturation at 94ЊC for 45 s and annealing at 58ЊC for 1 min, with extension at 72ЊC for 2 min. The final cycle was followed by an additional 7-min elongation period at 72ЊC. Amplification products were separated on a 1.5% agarose gel stained with ethidium bromide in 1ϫ Tris-acetate-EDTA buffer (40 mM Tris-acetate and 1 mM EDTA, pH 8) and photographed in UV light.
Nucleotide sequencing. The amplified products obtained by PCR were visualized by agarose gel electrophoresis and excised from the gel, using a NucleoSpin Extract extraction kit (Macherey-Nagel GmbH, Düren, Germany). The DNA sequences were determined by using the dideoxy chain-termination principle (28) , with an ABI Prism Big Dye terminator kit (Applied Biosystems, Foster City, CA) on an ABI Prism 310 DNA sequencer.
Database search and sequence comparison. The database searches were performed by using the basic local alignment tool (BLAST) programs (2, 3) from the National Center for Biotechnology Information BLAST Web site. Multiple-sequence alignments were constructed by using DNASIS software (Hitachi Software Engineering Co., Ltd., Berlin, Germany).
Nucleotide sequence accession numbers. The nucleotide sequences described here have been deposited in the GenBank database under accession nos. EU153555 and EU153556.
RESULTS AND DISCUSSION
With this study, we contribute to the characterization of L. garvieae strains associated with artisanal cheeses from Italy. In our previous studies, this species was shown to represent a relevant component of the autochthonous bacterial population in different Italian cheeses (11) ; in these products, L. garvieae elucidates its role with a slow rate of acidification and a moderate proteolytic activity. As the tested strains did not possess high virulence profiles (12) , their use in artisanal cheeses may be pursued as a low risk is involved. On the contrary, L. garvieae is considered an emerging pathogen of increasing clinical significance in the field of fish farming. For these reasons, the possibility to discriminate L. garvieae strains based on the specific ecological niche of origin is of great practical interest.
Lactose utilization in L. garvieae isolates. In previous studies (12), we showed that fish isolates were unable to coagulate milk within 48 h and to produce significant amounts of lactic acid. Since these characteristics could represent an epidemiological marker for distinguishing L. garvieae ecotypes, in the present work, we deepened the phenotypic study on lactose utilization. First, we determined the consumption of lactose of two representative L. garvieae isolates in a chemically defined medium, measuring the disappearance of the carbon source by HPLC. After 16 h of incubation in CHL plus 1% lactose at 37ЊC, the growth of the dairy isolate was accompanied by a decrease in lactose from 1 to 0.3%. On the contrary, for the fish isolate the amount of residual lactose was 0.9%; the cell density reached an optical density at 600 nm (OD 600 nm ) of 0.9 versus an OD 600 nm of 3.4 for the dairy isolate. Similar results were obtained for the other fish isolates tested in this study. This behavior suggests a lactose-negative phenotype for fish isolates. Since all lac Ϫ mutants were able to utilize other carbohydrate sources, such as glucose, maltose, mannose, and galactose (data not shown), we hypothesized that the defect was specific for lactose utilization and did not involve glycolytic enzymes. When lac Ϫ mutants were grown in skim milk, a level of growth similar to that obtained for dairy isolates was observed, reaching 10 8 CFU/ ml after 8 h of incubation at 37ЊC (Fig. 1) , indicating that for these ecotypes, growth in milk depends largely on the ability to use nitrogen sources. The only differences found were the presence of a lag phase of about 2 h for fish isolates, a low decrease of pH value (⌬pH 16 h of 0.4), and a consequent lack of milk clotting. Experiments of coculture ( Fig. 1) with the two representative L. garvieae isolates showed that the inability of the fish isolate to metabolize lactose was not an inhibitory parameter: as shown in Figure  2 , the ratio of lac ϩ /lac Ϫ clones was about 1:1 after different incubation times. From these data, it is possible to hypoth- esize that L. garvieae strains naturally colonizing fish environments lacked the ability to metabolize lactose; however, an efficient proteolytic activity might have provided an opportunity to settle in another environment.
Finding and characterization of the L. garvieae gallac region. To verify the phenotypic diversity previously found, we focused our search on the genes of the catabolic pathway of lactose. By using degenerate primers and by constructing different vectorette libraries, we identified several genes related to galactose and lactose utilization in L. garvieae; this molecular approach permitted us to obtain novel information on this species.
Existing information about the sequence of the lactose genes in L. lactis and other LAB and non-LAB species was used to locate and characterize the corresponding L. garvieae genes. Based on the conserved regions identified by sequence comparison of lactose permease genes, a set of degenerate primers was designed and used for PCR amplification of L. garvieae strains.
Amplicons of the expected 520-bp size, by using primers PermF5 5Ј-TGGGGAAAATTTAAACCTTGG-3Ј and PermR6 5Ј-TGCCCATAGCAACTGATCATT-3Ј, were obtained for all strains, indicating the presence of such a gene in either lac ϩ or lac Ϫ isolates. Comparison of the deduced amino acid sequence with the sequences available in databases showed that there was significant homology between this incomplete sequence and several galactose and lactose permease sequences.
Subsequently, we designed several sets of degenerate primers for the partial amplification of the ␤-galactosidase gene in L. garvieae. For all strains and for all primers employed, PCR experiments did not yield any amplification product. To confirm these results, a dot-blot hybridization analysis was carried out, employing a ␤-galactosidase gene probe obtained from the amplification product of L. lactis DSM 20481 T strain (primer set F1 5Ј-GAAGATCAAGA-TATGTGG-3Ј and R1 5Ј-CTTGATCCACCCAGTCCCA-3Ј). No hybridization signals were detected. A ␤-galactosidase assay was also performed on permeabilized cells by measuring the rate of hydrolysis of ONPG and by investigating the growth on M17 agar plates containing X-Gal. In both cases, no ␤-galactosidase activity was detected according to the presumptive absence of the ␤-galactosidase gene.
For the type strain of the species, we extended sequence analysis of the amplicon containing part of the permease gene and its flanking regions, by using a vectorette library, as above specified. In this way, 1,330-bp upstream and 5,940-bp downstream regions of the partial permease gene have been sequenced. Computer analysis revealed the presence of a gene cluster containing five complete open reading frames (ORFs), oriented in the same direction, which are designated here based on their homology to previously characterized genes ( Fig. 3 and accession no.  EU53555 ). The first ORF, named galP, was a 1,401-bp gene encoding a galactose permease; a 1,029-bp galM gene encoding a galactose mutarotase was located 51 bp downstream from galP. Downstream of galM, separated by 10 bp, was a 1,200-bp galactokinase gene (galK), and this was followed, at 11 bp, by an ORF (galT, 1,485 bp long) encoding a galactose-1-phosphate uridyltransferase. The last 990-bp ORF started 71 bp from the end of the galT gene. This galE gene encoded an UDP-glucose 4-epimerase. The following 450-bp sequenced did not have other ORFs.
Comparison of the deduced amino acid sequences with the sequences available in the databases showed that there was significant homology with previously described sequences of the proteins required for transport and utilization of galactose via the Leloir pathway (4, 5, 31) . In particular, in L. garvieae, the enzymes of the Leloir pathway showed the greatest predicted similarities and the same gene order to the enzymes identified in L. lactis subsp. cremoris (17) . This gene cluster was present in all strains tested and shows a different organization, compared with the other described gal clusters in lactococci. First, the gene encoding galactose transport protein (galP) is located within the galK, galT, galE, and galM cluster, and not elsewhere. Another remarkable feature is that in L. lactis subsp. cremoris and in L. garvieae, this gal gene cluster does not consist of a combination of lac and gal genes, as in many other lactococci; this appears to be more specific for galactose, containing all the structural genes needed for galactose utilization in an uninterrupted form at the same locus. Upstream of galP we found another ORF, named ORF x, oriented in the same direction, 735 bp long, and encoding a protein showing similarity to several transcriptional regulators of L. lactis (AE006429 and ABJ73703).
The lack of a lactose permease system in L. garvieae strains for lactose metabolism urged us to design, based on conserved regions identified by sequence comparison of the phospho-␤-galactosidase genes, a set of degenerate primers for PCR amplification of the corresponding L. garvieae gene. For L. garvieae strains of dairy origin a PCR with primers Ph-␤-galF1 5Ј-GCTACAGCTGCTTATCAAGC-3Ј and Ph-␤-galR1 5Ј-GAAAACGTCCATNAGNGACCA-3Ј gave a 1,240-bp product of expected size. This amplified partial product showed a surprisingly very high identity (Ͼ99%) with the phospho-␤-galactosidase gene of L. lactis (M19454). L. garvieae DSM 20684 T and the 12 fish isolates did not yield any amplification product.
This result has been confirmed by a dot-blot hybridization experiment employing a phospho-␤-galactosidase probe obtained from the amplification product of a L. garvieae strain of dairy origin. The probe hybridized exclusively with DNA derived from strains of dairy origin (Fig.  4) . The tested fish isolates did not show any hybridization signal.
By using another vectorette library, we carried out a preliminary sequencing study 1,700 bp upstream of the partial phospho-␤-galactosidase gene. Computer analysis revealed the presence of two ORFs, oriented in the same direction. The first ORF, named lacE, was 1,612 bp long, and encoded a 536-amino acid protein showing 98% sequence identity with enzyme II of L. lactis (M60447); 139 bp downstream, we found the second ORF, lacG, 1,263 bp long, encoding the phospho-␤-galactosidase. These genes and this organization were found in all dairy origin strains (accession no. EU153556). In the lactococci, lacE gene product represents one of the two lactose-specific components, a membrane-located and a soluble enzyme correlated to the phosphotransferase system encoded by a lactose-inducible operon with the gene order lacF → lacE → lacG (7, 8) .
From the data obtained, it becomes evident that L. garvieae possesses a single system for the catabolism of lactose, characterized by the presence of a lactose transport and hydrolysis depending on a phosphoenolpyruvate-phosphotransferase system combined with a phospho-␤-galactosidase. This system, bioenergetically efficient because the sugar is translocated and phosphorylated in a single step, is present only in L. garvieae strains of dairy origin, and is lacking in fish isolates. This important diversity can explain the lactose-fermenting inability (lac Ϫ phenotype) of fish strains previously found, and can be easily exploited as a genetic marker for distinguishing biotypes from the two different ecological niches, through a simple PCR amplification.
Location of gal-lac genes in the L. garvieae genome.
To identify the location of the genes related to galactose and lactose utilization in L. garvieae, we determined the plasmid profiles of the strains. Interestingly, only fish isolates were plasmid free; the type strain of the species and all dairy isolates, with the exception of strain Tm3, were characterized by the presence of different plasmids. The profiles showed between one and five plasmid bands, with a size ranging from 3.2 to 40 kb (Fig. 5) . From the data obtained, it is apparent that in plasmid-free fish isolates and in strain Tm3, the gal operon is chromosomally located; moreover, in the dairy Tm3 strain, lac genes are also present on the chromosome. To verify the location of the genes studied in strains harboring plasmid molecules, we carried out dot-blot hybridization experiments, on total DNA and plasmid purified preparations, employing the 520-and 1,240-bp internal segments of the galactose permease gene and phospho-␤-galactosidase gene respectively, obtained by PCR, as above reported. The data obtained indicated clear hybridization signals only in the total DNA samples (data not shown). These results suggest that also in these strains the gal-lac operon is located at the chromosome. To further verify these results, we carried out Southern blot hybridization experiments using total and plasmid DNA, undigested and digested with the restriction enzyme HindIII on a representative dairy strain. As shown in Figure 6 , hybridization signals were obtained only in the total DNA digested with HindIII, confirming the previous indication that in L. garvieae the genetic information for lactose and galactose utilization is chromosomally located, in contrast to other studied lactococcal species.
In this study, we found a genetic diversity among L. garvieae strains coming from different ecological niches, which can be exploited for the detection of a specific marker; the PCR technique described here proved to be a reliable and easy method able to distinguish biotypes of dairy origin from fish isolates. Moreover, we found information regarding the mechanism of lactose and galactose utilization in L. garvieae, and the nucleotide sequences of several related genes. This is one of the first reports concerning the determination of the nucleotide sequences of genes, other than the 16S rDNA gene, in this species. This study should therefore be considered as a preliminary step in a continuous effort to explore the genome of this species, with the aim of elucidating the real relationship between the presence of L. garvieae in dairy products and food safety.
